Transcriptional regulation of prostaglandin synthase 2 gene expression by platelet-derived growth factor and serum.
Prostaglandin synthase 2 (PGS2) is an immediate-early gene induced in a variety of cellular contexts. We investigate here the transcriptional activation of the murine PGS2 gene in NIH 3T3 cells, in response to the mitogens platelet-derived growth factor (PDGF) or serum. Site-directed mutagenesis experiments demonstrate that a consensus cyclic AMP response element (CRE) in the murine PGS2 promoter is essential for optimal PGS2 gene expression in response to PDGF or to serum. Overexpression of c-Jun potentiates PDGF- or serum-induced luciferase expression from a reporter construct containing the first 371 nucleotides of the PGS2 promoter. In contrast, overexpression of other transcription factors binding to the CRE element of the PGS2 gene inhibits induction by PDGF or serum. Moreover, positioning the c-Jun activation domain next to the minimal PGS2 promoter via a GAL4 DNA binding site rather than the CRE is sufficient to permit serum or PDGF stimulation of luciferase expression from this modified reporter construct. PDGF or serum treatment both activate c-Jun N-terminal kinase (JNK), the mitogen-activated protein kinase responsible for phosphorylation and activation of c-Jun. Cotransfection of plasmids expressing dominant-negative Ras, Rac1, MEKK-1, or JNK along with the [PGS2][luciferase] reporter prevents induction by PDGF or serum, demonstrating that serum and PDGF induction of the PGS2 gene in NIH 3T3 cells requires activation of a Ras/Rac1/MEKK-1/JNK kinase/JNK signal transduction leading to phosphorylation of c-Jun. Additional cotransfection experiments with plasmids expressing dominant-negative Raf1 and ERK demonstrate that induction of PGS2 gene expression by PDGF and serum also requires activation of a Ras/Raf1/mitogen-activated protein kinase kinase (MAPKK)/ERK signal transduction pathway.